Abstract--A respiratory motion during whole-body imaging has been recognized as a source of image quality degradation and reduces the quantitative accuracy of Positron Emission Tomography (PET) study. The aim of this study is to evaluate respiratory gating system and to develop a respiratory motion correction system using trigger generating device built in-house and gated-PET data acquisition mode. We utilized a commercially available laser optical sensor to detect respiratory motion during PET scanning. Each respiratory cycle is divided into 4 bins defined from average peak interval and irregular peak within the breathing motion. The acquired data within the time bins correspond to different positions within the breathing cycle and stored for the post motion correction. Motion data of diaphragm and chest wall was calculated by CT image acquisition during the normal inspiration and expiration position. In the images of a phantom, the blurring artifact due to breathing motion was reduced by our correction method. This technique improves the quantitative specific activity of the tracer which is distorted because of the respiratory motion.
I. INTRODUCTION deally, in a combined tomography, both CT and PET data should be acquired during the same respiratory cycle. However, this is impractical in current generations of PET/CT systems [1] . During whole body PET scanning, the patient breathes normally and, therefore, the PET image shows an average of different organ positions during the breathing cycles. Motion producing image blurring degrades the image quality and reduces the quantitative accuracy of PET [2] [3] [4] , resulting in the misidentification of the lesions [5] .
Respiratory gating techniques have been utilized in Computed Tomography (CT), Magnetic Resonance Imaging (MRI), and radiotherapy, studies have shown that gating improves target localization [6] [7] . CT is the most common imaging technique for providing anatomical information on the size and location of tumors in the body [8] . However, PET has a higher sensitivity and specificity than CT for the detection and staging of cancer. Recently, PET and CT information is to combine the hardware into a single, dual-modality PET/CT tomography. However, it is possible of mis-registered CT and PET information during CT-based attenuation correction. The first purpose of this study was to develop a respiratory motion correction system using trigger generating device built inhouse and gated-PET data acquisition. In this paper, we are to evaluate whether respiratory motion artifacts exist at the level of the interface of the diaphragm and lung in PET images that have been attenuation corrected with CT images.
II. MATERIALS AND METHODS

A. Data Acquisition
In the dedicated system used a GE Discovery LS II PET/CT scanner. The gated scans were performed using a PET scanner and the two CT scans were acquired using the following parameters: 120 kV, 40 mA, a pitch of approximately 6, a 512×512 image size and a slice thickness of 4.25 mm. The maximum displacement of lung simulator was approximately 50 mm, 30 mm and 20 mm, respectively, diaphragm, upper and chest wall. In order to trace the respiratory motion of simulator, we used a commercially available CCD type laser optical sensor.
In the phantom study, respiratory motion measurements were performed using 5 mm diameter phantom filled with F-18 FDG. The duration time of static scan and gated scan were 150 sec and 833 msec/bin, respectively. The PET emission images were acquired during normal shallow breathing and during CT scanning the patients performed two different breathing tasks: inspiration and expiration. In all cases, a 3 min static emission scan and a 10 mm gated emission scan. As shown in Fig. 1 , respiratory motion was detected by optical motion tracking sensor.
In the human study, a healthy normal volunteer was intravenously injected with 348 MBq of F-18 FDG. After a CT scan during two different tasks, emission scans performed for 5 minutes each. A gated PET scan was acquired, using the respiratory gating system to track the motion of a gating block on the volunteer's chest.
Before image co-registration, CT data were reduced to an image matrix of 128×128 to adapt them to the PET emission scans. The voxel size of the final co-registered PET/CT image
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Sang-Keun Woo, Joon Yong Choi, Tae Yong Song, Yong Choi, Member, IEEE, Kyung-Han Lee, and Byung-Tae Kim I was 3.91×3.91×4.25 mm. The co-registered images were viewed with the software provided by GE eNtegra, which allows for the inspection of multiplanar reformatted images of PET, CT and co-registered data. 
B. Respiratory Motion Gating System
We have built a trigger circuit that has a 0 V output of the optical sensor relay at normal mode. The output is switched into a +5 V only while the relay is in the on mode. This trigger signal is used to initiate the gating cycle of the Fig. 2 PET scanner. The gated respiratory images were acquired by trigger signal according to breathing cycle. Each respiratory cycle is divided into 4 bins defined as average peak interval and irregular peak within the patient's breathing motion. Since the time interval within each bin is smaller than the period of the breathing cycle. 
C. Respiratory Motion Correction
Schematic diagrams of the motion correction procedure are shown in Fig. 3 . Firstly, the CT scans were acquired during two different breathing tasks. The number of time bins and the duration of each bin are set prior to the scan on the PET console. The motion tracking sensor provides the trigger signal to the PET scanner in order to initiate the gating cycle. The acquired data within the time bins correspond to different positions within the breathing cycle and stored for the post motion correction. The 4×4 affine transformation matrix with rotational and translational components was derived from the displacement laser sensor data and subtraction image from CT images [9] . Images were reconstructed with 8 mm Gaussian filter using a 128×128 matrix. PET images were reconstructed using CT attenuation data with ordered subsets expectation maximization (OSEM) algorithm with 2 iterations and 28 subsets. 
III. RESULTS
A. Evaluation of Respiratory Gating Performance
Lung simulator was performed variable motion. The motion tracking sensor has enough resolution for generating trigger signal and acquisition of respiratory motion data. The maximum activity with different respiratory cycle and motion amplitude were shown in table below.
TABLE I PERFORMANCE OF RESPIRATORY GATING SYSTEM
Respiratory motion measurements were performed using 5 mm diameter phantom filled with 10 MBq of F-18 FDG. Maximum activity concentration was measured from the 6.4 cm 2 ROI on the reconstructed images. Fig. 4 shows the performance test of gating system. As shown in Fig. 4(a) , the performance of gating system according to trigger rejection mode. As shown in Fig. 4(b) , the performance of gating system according to variable breathing pattern in bad beat rejection mode. 
B. Respiratory Motion
As shown in Fig. 5 shows the effect of respiratory motion artifacts. The bigger respiratory motion, decrease in quantitative specific activity. In the phantom study, Fig. 6(a) is normal expiration position; Fig. 6(b) is inspiration; Fig. 6(c) is subtracting inspiration from expiration image. In the healthy volunteer study, Fig. 7(a) and 7(b) shows the results of a large coregistration error between PET and CT images. 
C. Respiratory Motion Correction
In the human subject, the blurring region was evaluated by different breathing motion. Fig. 8(a) is normal expiration position; Fig. 8(b) is inspiration; Fig. 8(c) is co-register by PET and subtracted CT image. Fig. 8(d) the diaphragm motion data was measured by Fig. 8(c) image. In the gated image Fig  9(a) , the blurring artifact due to respiratory motion was reduced by our correction system. It allows more complete recovery of the counts within the phantom and more accurate estimation of the phantom volume. As shown in Fig. 9(c) , the motion corrected image by affine transform with spline curve. In Fig. 9(c) , artifacts and image smearing would be reduced. 
IV. DISCUSSION AND CONCLUSION
The result of this study demonstrates that image blurring can be reduced by the gated PET in synchronization with the respiratory motion data. Correction method developed in this study allows a more complete recovery of the true counts within the lesion and a more accurate estimation the lesion volume.
Phantom studies show a dependence of the reduction in the smearing effect as a function of the lesion size and motion amplitude. This technique improves the quantitative specific activity of the tracer which is distorted by the respiratory motion. This approach also provides potential means for improving attenuation correction and image fusion with PET/CT acquisition. VI. REFERENCES
